ABSTRACT The Escherichia coli Lon protease degrades the E. coli DNA-binding protein HUb, but not the related protein HUa. Here we show that the Lon protease binds to both HUb and HUa, but selectively degrades only HUb in the presence of ATP. Mass spectrometry of HUb peptide fragments revealed that region K18-G22 is the preferred cleavage site, followed in preference by L36-K37. The preferred cleavage site was further refined to A20-A21 by constructing and testing mutant proteins; Lon degraded HUb-A20Q and HUb-A20D more slowly than HUb. We used optical tweezers to measure the rupture force between HU proteins and Lon; HUa, HUb, and HUb-A20D can bind to Lon, and in the presence of ATP, the rupture force between each of these proteins and Lon became weaker. Our results support a mechanism of Lon protease cleavage of HU proteins in at least three stages: binding of Lon with the HU protein (HUb, HUa, or HUb-A20D); hydrolysis of ATP by Lon to provide energy to loosen the binding to the HU protein and to allow an induced-fit conformational change; and specific cleavage of only HUb.
INTRODUCTION
The DNA-binding histone-like proteins HUa (HU2) and HUb (HU1) of Escherichia coli are encoded by two closely related genes, hupA and hupB, located at 90 and 9.8 min of the chromosome, respectively (1,2). The 90-amino-acid HUa and HUb proteins are 68.9% identical; the functional protein, HU, is isolated mainly as an ab heterodimer (3,4). HU is highly conserved among prokaryotes, but bacterial species other than E. coli and Salmonella typhimurium synthesize only one type of HU subunit, which forms a homodimer (5,6).
HU plays important pleiotropic roles in DNA replication (7), gene regulation (8,9), translation (10), DNA supercoiling (11, 12) , and other processes (13). A connection between HU and the ATP-dependent Lon protease is suggested by the role of both Lon and HU in the mucoid phenotype of E. coli (14,15). Lon is most likely involved in controlling gene expression in bacteria and yeast, either by regulating the levels of transcription factors (16, 17) or by influencing the structural stability of genomic DNA (18, 19) . A lon mutation has a pleiotropic phenotype: ultraviolet sensitivity, mucoidy, deficiency for lysogenization by bacteriophage l and P1, and lower efficiency in the degradation of abnormal proteins (15, (20) (21) (22) (23) (24) . Based on the results of in vivo experiments, it has been suggested that the regulation of HU in E. coli is Lon-dependent and that HU is degraded by Lon or a Londependent protease (25).
Lon protease (EC 3.4.21.53 ) is a member of the AAA þ superfamily (ATPases associated with diverse cellular activities). This superfamily is characterized by a conserved segment of 220-250 amino acids, referred to as the AAA domain or nucleotide binding domain, which contains several conserved motifs for ATP binding and hydrolysis. Lon and other known members of this superfamily, e.g., FtsH, ClpAP, ClpXP, ClpC, and HslVU are all ATP-dependent proteases (26). Lon and FtsH protease carry both the ATPase and the proteolytic active sites within a single polypeptide chain. In the Clp family, these functions are encoded by separate polypeptide chains. Lon protease functions as a homooligomer, in which each subunit consists of three domains: the amino-terminal domain, possibly involved in substrate recognition and binding (27); the ATPase domain (A domain), containing the ATP-binding motif (28); and the carboxy-terminal proteolytic domain (P domain) (29). Like a molecular chaperone, Lon recognizes a broad range of proteins, both misfolded and properly folded, and mediates their turnover. Through the degradation of various specialized proteins, Lon protease also regulates a number of biological functions (30). These specialized proteins include the l N protein (31,32), the SulA cell division regulator (33,34), the RcsA positive regulator of capsule synthesis (35), the F factor addiction system protein CcdA (36), and the DNA-binding protein HU (25).
We have previously cloned and investigated the functional domains of the Lon protease from Brevibacillus thermoruber (37,38). Here, we elucidate in detail the substrate recognition of the E. coli Lon protease in the known cleavage of HUb and the lack of cleavage of HUa (25).
